Abstract Paraquat, a widely used herbicide in the world, has caused severe and fatal poisonings. Because of its high toxicity, the European Union withdrew paraquat from its market in July 2007. The purpose of this report is to describe cases of paraquat poisoning recorded at the Poison Control Center in Marseille over the 9-year period starting and ending 4.5 years before and after the paraquat ban. Data analysis showed that the most severe exposures were linked to ingestion. The fatality rate of deliberate consumption was near 50 % (34 suicide attempts and 15 deaths). Our data showed a marginal decline in total number of poisonings observed after the paraquat ban (38 vs 33 after the ban) mostly due to a decrease in the number of unintentional exposure (21 vs 16 after the ban). However, there was no apparent change in the number suicidal attempts using paraquat. Regarding geographical distribution, data showed that most poisonings in mainland France were unintentional, while poisonings in overseas French territories were mostly voluntary. Despite the European ban and the preventive measures, paraquat continues to contribute to severe and life-threatening poisonings in Southeastern and overseas France.
Introduction
Paraquat is the trade name for 1,1′-dimethyl-4,4′-bipyridylium that was developed in the early 1960s by Imperial Chemical Industries, now Syngenta. It is a commonly used contact herbicide because of its wide range of action and low cost. However, this is an extremely hazardous substance, and there is no effective treatment for systemic toxicity [1] . Indeed, paraquat can cause multiple organ failure, including liver insufficiency and lung fibrosis that can be life-threatening because of respiratory failure [2, 3] . The risk of acute paraquat poisoning has triggered much debate since its market release in 1962. A number of risk mitigation measures were introduced to prevent poisoning; stenching agents, blue-green dye, thickeners, and emetics were added; the concentration of paraquat was reduced to 10 %; paraquat bottles had been equipped with safety caps; labeling requirements had been changed; packaging and availability were restricted to professional users [4, 5] . In July 2007, in view of continued occurrence of paraquat poisoning, the European Union judged mitigation measures as inadequate and finally decided to ban the sale of paraquat completely [6] . Despite this ban, involuntary and deliberate poisonings have continued to occur. Selfpoisoning with pesticides is a topical issue and the subject of several publications in the medical literature. It seems that a complete ban on the most hazardous products is not always enough [7, 8] . The purpose of this report is to describe the experience of the Marseille Poison Control Center (MPCC) with paraquat poisoning over a period starting and ending 4.5 years before and after the European Union paraquat ban.
Method
The cases of paraquat poisoning in this study were compiled from the records of the MPCC for the inclusive years between 2003 and 2011. Data were extracted from the Information Network of the French Poison Control Centers. The Marseille database was searched for cases involving exposure to products coded as "paraquat" including the following trade names: Gramoxone®, R-Bix®, and Gramoxone Plus®. Data analysis focused on the time and location of the poisoning as well as circumstances (unintentional or voluntary, based on the patient's statement) and outcome.
The MPCC covers the southeastern part of France, including three regions of mainland France (Provence-Côte-d'Azur, Languedoc-Roussillon, and Corsica) as well as overseas French territories (OFT) in the Indian Ocean (Reunion Island and Mayotte). In addition, the MPCC maintains a regular working relationship with Americas French departments including several hospitals in French Guiana. The MPCC's catchment area includes approximately nine million people, i.e., 14 % of French population. Based on these coverage limitations, it is expressly stated that the data presented herein correspond to the experience of a local poison control center and cannot be considered as representative of national epidemiologic patterns in France. MPCC records approximately 25,000 intoxications per year including about 1,000 poisonings linked to plant products and 2,500 suicide attempts. An average of 3 % of the MPCC's calls is from OFT.
Results
During the period from 2003 to 2011, the overall rate of suicide attempts per year from pesticides reported to MPCC remained unchanged (approximately 65). In the studied period, the MPCC recorded a total of 71 cases of paraquat poisonings (0.03 % of all calls reported at the MPCC per year and 6 % of the annual deaths). The number of cases reported before and after the ban was 38 and 33, respectively. The table shows paraquat poisonings reported to the MPCC during the study period by geographic area, nature of the exposure, and number of deaths.
At the MPCC, 37 poisonings by unintentional exposure were reported from 2003 to 2011. The location of the exposure varied among the cases, including workplace in 16 (nine before and eight after the ban), garden in 7 (six before and one after the ban), and undetermined in 13. The route of exposure was ingestion in 14 cases, dermal contact in 10, and eye contact in 8. Unintentional poisonings commonly occurred during the preparation or application of the herbicide solution. In one case, the exposure was subcutaneous, while the product was being handled in an experimental laboratory. The unintentional ingestions occurred during the preparation of the product for use: opening the herbicide package, using the mouth to blow air through the spray nozzle to clear it, or using teeth to twist off the bottle caps. All cases with unintentional poisonings in this series had minor toxicity.
All fatal paraquat poisonings, recorded between 2003 and 2011, were due to deliberate ingestion at home (five unknown location cases) with suicidal intention based on the patient's history. Almost 50 % of the attempted suicides using paraquat (15/34) led to death of the victim. In this series, 66 % of deaths occurred rapidly, i.e., within the first 48 h after ingestion, due to multiple system organ failure or refractory hypotension. The remaining 33 % of deaths occurred late, i.e., within the first month; they were due to extensive pulmonary fibrosis and intractable hypoxemia. The likely explanation for survivors from intentional ingestions of paraquat was that the quantity ingested was minimal.
The table shows several differences in the geographical distribution of poisonings before and after the paraquat ban (Table 1) . Prior to the ban, MPCC recorded a similar number of overall cases for mainland France and OFT. After the ban, the number of cases in mainland France appeared to have decreased unlike in OFT. The slight decrease in the number of cases following the ban appeared to have been due to decreased unintentional poisoning in mainland France, especially during gardening (five before and one after the ban). In OFT where most exposures involved deliberate ingestions, no apparent decrease in the number of paraquat poisonings was observed. Moreover during the study period, 3 deaths in mainland area and 12 deaths in overseas areas were reported in MPCC. Further study of these geographical differences showed that the impact of the paraquat ban also appeared to vary according to location at OFT. On Reunion Island in the Indian Ocean, the number of paraquat poisonings went from ten cases including eight deliberate ingestions before the ban to one after the ban. French Guiana in South America showed an increase in the number of paraquat poisonings from 6 including 5 deliberate ingestions before the ban to 14 including 11 deliberate ingestions after the ban. In French Polynesia, the number of cases showed little change, i.e., four poisonings including three deliberate ingestions before the ban versus six including two deliberate ingestions after the ban. Figures 1 and 2 show details of paraquat poisonings per year, in mainland and in overseas, respectively. The first graph (Fig. 1) shows an apparent small decrease in cases of unintentional exposure after the European ban. Contrary to this finding, the cases of intentional ingestions of paraquat did not change during the same period. Overall, it appears that there were more unintentional poisonings than intentional poisonings in mainland France. The second graph (Fig. 2) demonstrates large variability in rates of suicide attempts and unintentional exposures. The ban in July 2007 seems not to have an impact in paraquat exposures in OFT where the most frequent cases were intentional exposures.
Discussion
Our results showed an apparent decrease in unintentional exposures to paraquat in mainland France, during the ban. However, the suicide rate did not change and remained low. In OFT, the proportion of suicide attempts from paraquat poisoning appeared to be higher than that in mainland France, and this difference remained unchanged after the ban. Hypotheses can be proposed to explain this difference between the two locations.
One hypothesis is the increased availability of paraquat in OFT compared to mainland France. The tropical or equatorial climate in OFT contributes to an abundance of flora, which promotes the use of herbicides to control their growth. Furthermore, the increased dependence of the local economy on agriculture at OFT compared to mainland France can place a high proportion of the population in direct contact with herbicides at OFT. Chang and colleagues [7] showed that trends in pesticide suicide in Taiwan were influenced by the access to pesticides with the size of agricultural workforce. Because paraquat is efficient and economical, it is considered by the local population as a "perfect" product which cannot be replaced by other ones. One of the consequences of this situation is the use of paraquat not only by professionals but also by the general population. Since the European paraquat ban, the geographical situation of OFT, like French Guiana (proximity with neighboring countries like Suriname or Brazil where paraquat use is authorized), has enabled people to cross the border to purchase paraquat and illegally bring it back to OFT. This unauthorized practice is suggested by the presence of foreign labels (Portuguese and Dutch) on paraquat bottles reported to MPCC from French Guiana between 2008 and 2011.
Another hypothesis is the increased publicity of deaths from paraquat poisoning in OFT compared to mainland France. For example, a series of sensationalist articles were published in 1980 in local newspapers about the deadly effects of paraquat poisonings. These articles could have inadvertently called attention to paraquat as a highly effective method for suicide [5] . This is a perverse consequence from the sharing of information that poison centers were able to avoid in mainland area, owing to the understanding and cooperation of journalists.
Limitations
The findings from this study are limited by several factors. This study should not be considered as an exhaustive evaluation of paraquat poisonings in France because it is based on reports from one poison center. Furthermore, data were collected using a retrospective design and from voluntary medical reports; thus, there can be reporting bias in the study. For example, the increased proportion of suicide poisonings from paraquat in OFT compared to mainland France can be due to the practice of preferential reporting of cases with severe poisoning to poison centers in mainland France. The time difference between the two locations, cost of telephone communications, and request for additional medical consultation can support this pattern of practice. In addition, the date of the ban used in this study only served as an index of the change in policy. The local population could have started to change their use of paraquat prior to this date.
Conclusion
We conclude that paraquat continues to contribute to severe poisonings in our catchment area in France despite the European ban and recommend that national poison control centers retain responsibility for monitoring paraquat poisonings. 
